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Abstract 
The study explores the progression of children’s understanding of ‘heat’ concept from primary to secondary school. The study 
derived from a longitudinal study and qualitative research methodology was employed. Data mainly gathered from interviews 
and class observations. A total of 20 children were involved in this study. The children were interviewed when they were in Year 
6 (Grade 6) in primary school and after 10 months, they were again being interviewed when they were in Form 1 (Grade 7) in 
secondary school. Teachings on ‘heat’ concept were observed in primary school as well as when the topic is being taught in Form 
1. Findings showed that there were little progression in the children’s understanding of the concept and they portrayed their 
understanding based on observable phenomena. Explaining at molecular level by Form 1 children revealed that it was based on 
perception rather than conceptual. 
© 2010 Published by Elsevier Ltd. 
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1. Introduction 
Continuity and progression in children’s understanding of scientific concepts from primary to secondary depends 
on various factors. Among others are coherence in the science curriculum, instruction and students’ expectation of 
science learning at secondary level. Coherence is where small numbers of basic concepts are organized in 
conceptual relationship forming major concepts. The concepts involving specific basic concepts and skills to entire 
content area are sequenced from simple to complex and abstract concepts. Proponents of hierarchical curriculum 
such as Bruner (1960) argued that curriculum of highly structured bodies of knowledge such as science should be 
designed to foster early conception of the concept and then build on them in increasingly formal and abstract ways 
as education progresses providing a base for comprehension of the more sophisticated concepts. Such curriculum is 
designed in a hierarchical manner and usually adheres to both the logical progression of the scientific content as well 
as the development progression of children in learning the science content (Liu & Lesniak, 2006). 
In the Malaysian Science Curriculum (Ministry of Education, 2002; 2003), some concepts such as the Heat 
concept are designed coherently and hierarchically from primary to secondary school. This is to enable learners 
acquire the concepts progressively from primary to lower secondary school and further developed at higher 
secondary school. At the lower level, basic concept of heat such as ‘effects of heat on matter’ is introduced and a 
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more complex understanding of the heat concept is introduced to include the arrangement of particles in various 
state of matter at molecular level when matter is heated..  
On the other hand, Osborne and Collins (2001) identified that the negative feature of some curriculum has made 
teachers to adopt pedagogy of transmission of scientific knowledge, copying notes from the board and lack 
opportunity for students to engage personally or discursively with the subject. Such practice has made students 
disinterested in science during transitional periods particularly from primary to secondary schools. Thus, another 
factor that affects children’s progression in understanding of scientific concepts is classroom instruction. This 
includes the learning activities, relevance of targeted concepts to daily lives, terminologies and graphical 
representations that teachers employed during instructions. Instruction plays an important role in restructuring 
student’s preconceived ideas and it is well documented that students’ preconceived ideas will not change by 
received instructions. In fact, improper usage of terminologies and oversimplified concepts retard the process of 
concept development. Many (e.g., Hashweh, 1986) suggested that teachers should identify the learners’ conception 
and construct from these preconceptions. 
Children perceive and anticipate learning science at secondary level should be more fun and exciting (Braund & 
Driver, 2005; Jarman, 1993.; Saat, 2010). They expect to do more scientific investigations and expect learning 
science involve using better facilities and specialist equipment. Students’ interest might decline if these expectations 
are not met (Saat, 2010). However, this paper will only discuss the preliminary findings related to children’s 
understanding of the heat concept, thus the main aim of this study is to investigate the children’s understanding of 
the heat concept from late primary to early secondary school.  
2. Methodology 
Data was collected in two phases. Phase 1 data were collected at the end of the children’s primary schooling. 
While Phase 2 data were collected at the end of their first semester of secondary school. Two primary schools and 
two secondary schools were involved in this study. Since this is a longitudinal study, children from both the primary 
schools were traced back in the secondary school where they continued their secondary education. Initially, 10 
children from each of the primary school were interviewed. A total of nine students managed to be traced, six 
students  from school  A and three  students  from school  B.  This  is  because  some of  them have  gone  to  schools  in  
another state and there was no record of their whereabouts. 
The interviews were conducted in a group of two to three students about experiments using concrete materials. 
This gave reliable information about their ideas on heat concept. The interview with students was based on an 
interview protocol. The interview protocol was designed to elicit students’ understanding on three aspects of the 
heat concept; specifically on effects of heat on matter, heat flow, and expansion and contraction of matter in 
everyday life.  These aspects were chosen based on the development of the heat concept outlined in the Grade 5 and 
Grade 7 of the Malaysian Science syllabus. During the interview with the students, apparatus including 
thermometer, beaker, round bottom flask, and metal ball and ring were shown and later demonstrated the experiment 
to the students. These apparatus were familiar to the children based on their previous work in both primary and early 
secondary schools. The students were then asked to: 
i. Explain what happens if matter is heated [while demonstrating the ball and ring 
experiment, how thermometer works and heated round bottomed flask] 
ii. Explain how heat flows 
iii. Provide examples of heat flow in natural phenomena 
The questions were deliberately designed as open ended questions so as to elicit students’ understanding of the 
observable occurrences. They were also encouraged to draw to substantiate their responses such as drawings of 
particles arrangement when matter is heated and the direction of heat flow when round bottom flask is heated. 
All the interviews were audio recorded which was later transcribed verbatim. The transcripts were coded in 
search of pupils’ conceptions of the concept. 
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3. Results 
This paper reports on the preliminary findings of the present study. The analyses revealed that the children’s 
understanding was based on observable phenomena and their perception. There was not much difference between 
the understanding of primary and secondary school children on the concept of heat. The children could only 
explained the ‘size of the ball got bigger’ and “matter expands when heated”. 
The primary school children portrayed their understandings based on their observation. When demonstrated the 
thermometer immersed in a beaker of heated water, the primary school children explained that the rise in the level of 
the mercury of the thermometer was due to the expansion of the mercury. For the case of the experiment using the 
metal ball and the ring, again the children explained based on their observation; i.e. the ball expanded when heated 
thus  it  was  unable  to  pass  through the  ring.  They were  not  able  to  elaborate  when asked to  explain  further.  They 
repeatedly said “it expanded”. 
Similar response was given by them when they were in secondary school. Again the researcher demonstrated and 
interviewed the children based on the same experiment. According to Grade 7 Malaysian Science syllabus, students 
should be able to explain the effect of heat on matter in terms of the arrangement of particles at molecular level. The 
secondary school children were asked to illustrate the arrangement of the particles when water and the ring being 
heated. They drew a bigger size of the particles/atoms after the matter was heated and explained that the 
particles/atom expanded when heated. Some mentioned that the heat expand and contract and not the particles. 
However, they managed to draw the arrows correctly in explaining the flow of heat in the round-bottom flask 
experiment. 
Applying the heat concept in everyday phenomena, they were able to show correctly the flow of heat using 
arrows; for example how heat flows in the phenomena of sea breeze and land breeze. However, they were confused 
between convection current in relation to pressure in explaining the phenomena. When asked to name other 
examples of everyday phenomena related to heat concept, they were only able to provide examples related to daily 
phenomena based on the examples given in class and/or as presented in their textbooks. 
4. Discussion and Conclusion 
Based on these initial findings, the children’s understanding showed minimum progression from primary to 
secondary school. The children at both levels portrayed understanding that are observable and perceptual, and they 
could only recalled examples exposed during their formal instruction. They were not able to relate what has been 
learnt to their daily occurrence. The use of oversimplified of the concepts could also have contributed to lack of 
understanding and it is being carried through to secondary level. Instruction such as the graphical representation, and 
the use of oversimplified terms ‘expand’ and ‘contract’ could have influenced the children’s understanding. 
Based on neo-Piagetian theory, children’s development of the heat concept is attributable not only to maturation 
but also school context such as curriculum and instruction. Based on the findings of this study, it can be inferred that 
instruction and curriculum materials (eg. textbooks) could have influenced the progression of the heat concept. The 
children could not comprehend an understanding beyond observable and perceptual level. 
Acknowledgements 
The research is funded by Universiti Malaya Short Term Research Grant (PJP) FS 116/2007C 
References 
Braund,  M.  &  Driver,  M.  (2005).  Pupils’  perception  of  practical  science  in  primary  and  secondary  school:  
Implications for improving progression and continuity of learning. Educational Research, 47(1), 77-91 
Bruner, J. (1960). The Process of Education. Cambridge, MA: HarvardUniversity Press.  
Rohaida Mohd. Saat / Procedia Social and Behavioral Sciences 9 (2010) 414–417 417
Hashweh, M.Z. (1986). Toward an explanation  of conceptual change. International Journal of Science Education, 
8, 229 – 249. 
Jarman, R. (1993). Real experiments with Bunsen burners: Pupils’ perceptions of the similarities and differences 
between primary science and secondary science. School Science Review, 74(268), 19-29. 
Liu, X. & Lesniak, K.,  (2006). Progression in children’s understanding of the matter concept from elementary to 
high school. Journal of Research in Science Teaching, 43, 57-87. 
Ministry of Education (2002). Integrated Curriculum for Primary Schools Curriculum Specifications: Science Year 
5. Kuala Lumpur: Dewan Bahasa dan Pustaka 
Ministry of Education (2003). Integrated Curriculum for Secondary Schools Curriculum Specifications: Science 
Form 1. Kuala Lumpur: Dewan Bahasa dan Pustaka. 
Osborne, J. & Collins, S. (2001). Pupils’ views of the role and value of the science curriculum: a focus group study. 
International Journal of Science Education, 23, 441-467 
Saat, R.M. (2010). Issues in maintaining continuity and progression of students’ science learning. In Akbar Hussain 
& Noraini Idris (Eds) Dimensions of Education. New Delhi: Gyan Publishing House, p.275-291. 
 
Mettam, G. R., & Adams, L. B. (1994). How to prepare an electronic version of your article. In B. S. Jones, & R. Z. 
Smith (Eds.), Introduction to the electronic age (pp. 281-304). New York: E-Publishing Inc. 
